ABSTRACT To compare the effects of a pedometer-based behavioral intervention (Fitness for Life [FFL] program) and a traditional high-intensity fitness (TRAD) program on physical activity (PA), Army Physical Fitness Test (APFT), and coronary heart disease risk factors in Army National Guard members who failed the APFT 2-mile run. From a pool of 261 Army National Guard, a total of 156 were randomized to TRAD or FFL for 24 weeks consisting of a 12-week progressive conditioning program followed by 12 weeks of maintenance. For both groups, the total APFT score and 2-mlle run time/score improved from baseline to 12 weeks (FFL: J.7.4%, p = 0.03; TRAD: 15%, p = 0.08) but at 24 weeks they had regressed toward baseline. PA improved modestly and coronary risk profile changed minimally in both groups. A pedometer-based exercise intervention had results similar to a high-intensity program for improving PA, APFT, and 2-mile run times/score. Neither group sustained the improved run times over the 12 weeks of maintenance.
INTRODUCTION
The wars in Afghanistan (Operation Enduring Ereedom) and Iraq (Operation Iraqi Ereedom) have seen an unprecedented use of the reserve component of the military,' accounting for 40% of those deployed.^ With heavy war-time use, deployability is a concern since Reserve and National Guard forces who deploy are generally older and less fit than active duty forces.^ Although most Reserve and National Guard members can perform their military tasks without problems, the risk of a coronary heart disease (CHD) event is higher for members not physically fit."
Maintaining physical fitness is viewed as an individual reservist's responsibility. Yet, one ofthe difficulties that Army National Guard (ARNG) members encounter is meeting the requirements of the Army Physical Eitness Test (APET), specifically the 2-mile run. Monthly physical training (PT) conducted during reserve duty is insufficient to ensure fitness, and the part-time nature of the ARNG service makes it difficult to adhere to an exercise program and sustain improvements once the program has ended. A common barrier to increasing physical activity (PA) is lack of time^; it is hard to incorporate work and family activities while trying to make time for aerobic exercise. This is even truer for the "citizen" soldier who has a full-time civilian job and works part-time in the ARNG. By comparison, the 2008 to 2009 national multiple jobholding rate for civilian workers is only 5.2%.* Thus, a sizeable proportion of reserve component members, including ARNG members, fail the physical fitness test, threatening their readiness status. ' One approach that may be useful in integrating PA into daily life is the use of a pedometer to help accumulate steps throughout the day. Pedometer-driven programs have been shown to significantly increase the amount and intensity of PA**' and to decrease blood pressure (BP) and body mass index (BMI).'" Using a pedometer to accumulate moderateto-high intensity PA in short bouts improves cardiorespiratory fitness (maximal oxygen consumption [VO^ max]).""'^ Key to this approach is setting step goals and tracking steps via a diary.'" Increased moderate-to-high intensity PA improves aerobic fitness''' and reduces CHD risk.'T his randomized controlled trial (RCT) compared the effects of a pedometer-based behavioral intervention and the traditional Army physical fitness (TRAD) program on PA, aerobic fitness, and CHD risk factors in healthy adult men and women in the ARNG who had failed the APFT. Baseline findings have been reported elsewhere.**
METHODS

Participants
Volunteer participants were recruited from the Maryland and Washington, DC, ARNG. All were part-time guard members who had failed the 2-mile run component ofthe APET, that is. scoring <60 points on the run, where scoring is based on gender, age category, and run time. Those with 12 months or longer before re-enlistment or retirement were included in the study. ARNG members were excluded from the study if they had a history of CHD or stroke, were currently taking hypertensive or cholesterol lowering medications, had been pregnant within the previous 6 months, were post-menopausal or currently taking hormone replacement therapy, or had major musculoskeletal disorders. Post-menopausal women and women on hormone replacement therapy were excluded owing to their small numbers and potential confounding effect on serum lipids. From a pool of 261 ARNG soldiers who failed the run portion of the APFT, 156 met the criteria for inclusion in the study and were randomized into 2 groups. The study was conducted under a protocol approved by the Uniformed Services University of the Health Sciences (USUHS) Institutional Review Board, and each participant provided written informed consent.
Design
A randomized 2 (group) x 3 (time: baseline, 12 weeks, 24 weeks) design with 12 weeks of conditioning and 12 weeks of maintenance was used to compare the pedometer-based Fitness for Life (FFL) program to a TRAD program on the primary outcomes of PA and performance on the APFT at 12 and 24 weeks and on the secondary outcome of CHD risk factors.
Participants were tested at baseline and were then randomly assigned to either the FFL or the TRAD program. They were tested again at the conclusion of the 12-week intensive intervention and following the 12 weeks of maintenance (Fig. 1) .
Intervention Training Programs
ARNG FFL Program
The ARNG FFL program was designed specifically for the reserve components of ARNG and Reserve to teach soldiers working a full-time civilian job and a part-time military job to incorporate moderate intensity PA into their daily lives. The pedometer was the central focus used to motivate and monitor steps through setting step goals, maintaining a daily step log, and promoting activities to increase steps. The counseling sessions discussed various activities to increase their daily step count. At the beginning of the program, participants were instructed to wear a Digiwalker (Yamax SW 200; New Lifestyles, Lees Summit, MO) pedometer for self-monitoring of their daily steps. In weeks 1 to 4, the pedometer was used as a motivator to accumulate daily steps through short bouts of walking combined with behavioral-based PA counseling. During brief weekly telephone counseling (<5 minutes), pedometer logs were reviewed and feedbacks provided. Motivational postcards were mailed weekly to suggest various ways to increase steps. Monthly group meetings were held to provide support, emphasize relapse prevention, and encourage self-monitoring of steps.
Weeks 5 to 12 focused on increasing the intensity of soldiers' activities. Soldiers were taught to rate their perceived exertion while performing moderate-to-high intensity daily activities in their target heart rate range, defined as 60 to 90% of predicted maximum heart rate, calculated as 220 -age. Using the Rating of Perceived Exertion scale,'* participants gauged the intensity of their activities by means of feedback from their target heart rate. The pedometer continued to be the central focus of behavioral strategies for setting step goals, monthly support meetings, weekly booster telephone calls, and bimonthly motivational mailings.
Weeks 13 to 24 focused on sustaining gains in the amount of steps and intensity of PA. Participants were expected to continue using the pedometer to monitor their PA. Monthly maintenance meetings were continued; telephone calls were tapered to every 2 weeks, then monthly to increase autonomy. Relapse prevention, self-monitoring, and reinforcement were continually emphasized during the maintenance phase.
TRAD Program
The comparator exercise intervention was the TRAD. This program follows Army Regulation 350-41, with recommendations detailed in the Army's Field Manual 21-20. The program consists of 12 weeks of high-intensity conditioning, defined as 75 to 80% of maximum heart rate and 12 weeks of maintenance. In the current study, participants in the TRAD exercise program were instructed to perform vigorous physical fitness training 3 to 6 days per week, including three 30-minute sessions of aerobic training and three 30-minute strength training sessions, performed unsupervised separately or combined, during their normal work day or during leisure time. Oversight of the 12-week training program was provided by a Master Fitness Trainer, an ARNG soldier who had completed a 2-week reserve component training course. Participants received a 60 minute briefing with supplementary booklet on the TRAD. A brief reminder call was made before each monthly meeting. The TRAD group received pretest, posttest, and follow-up testing to match the testing of the FFL group.
Measurements
Physical Activity
The 7-day physical activity recall (PAR) interview was used to estimate energy expenditure as defined by multiples of resting metabolic energy expenditure (METS)." The PAR was administered by a trained interviewer at baseline, 12 weeks, and 24 weeks. Participants were questioned about the amount of time spent asleep (1.0 MET) and in moderate (4 METS), hard (6 METS), and very hard (10 METS) intensity PAs for the previous weekdays and weekend. It was assumed that they spent the remaining time in "light" activities (1.5 METS). To estimate energy expenditure per week, the average number of minutes at each activity level was multiplied by the respective MET value for an estimate of light, moderate, hard, and very hard PAs in kcal/kg. Total PA was the sum of the 4 PA intensity levels."* In addition, the sum of moderate, hard, and very hard activity (total PA) was calculated because both interventions were designed to increase these 3 activity levels, but not low-intensity activity. The 7-day PAR is moderately correlated with VO^ max, r -0.61," the accepted standard for cardiorespiratory fitness.
The participants recorded their step count in a daily pedometer log. A Digiwalker pedometer was used to count the number of steps taken per day. The Digiwalker's accuracy is within 1% of the actual step count on a 4.88-km sidewalk course.^"
Physical Fitness
The APFT, a standardized measure of cardiorespiratory fitness and muscular endurance, was administered by Army fitness monitors according to standardized protocols detailed in Chapter 14 of the Army Field Manual 21-20.^' The APFT is a 3-event physical performance test consisting of push-ups, sit-ups, and a 2-mile run. Each participant is tested on (1) the number of standard Army push-ups performed in 2 minutes; (2) the number of standard Army sit-ups performed in 2 minutes; and (3) the time to complete a 2-mile run. The APFT scoring is a normative-based scale.^^ Raw scores for each test are converted to points using standard age-adjusted and gender-adjusted scoring tables available in Army FM 21-20. Each event has a possible score range from 0 to 100. A total score of 180 or higher is needed to pass the APFT, with a minimum score of 60 in each event. Results of the 2-mile run have been correlated with VOj max^^; the push-ups and sit-ups indicate muscular endurance.^**
CHD Risk Factors
Demographic and Physical Information
Self-reports on age, gender, and race were obtained from participants. Weight and height were measured using a digital scale, with participants in gym shorts and T-shirt without shoes. BMI was then calculated as weight (kg) divided by height (m^).
Blood Pressure
An automatic digital BP monitor (Model 6009; American Diagnostic, Tokyo, Japan) was used to measure seated BP and heart rate using the dominant arm at heart level. Three measurements were taken at 1 to 2-minute intervals, and the mean of the 2 closest readings was reported. Cuff sizes reñected the circumference of the participant's arm. Extreme values were checked by trained personnel, who repeated the digital recording and then recorded BP manually.
Serum Lipids
Venipuncture from the anterior cubital fossa was used to draw fasting blood samples (>9 hours) while participants were in a seated position. The samples were allowed to clot at room temperature, then centrifuged at 3,000 rpm for 15 minutes, and the resulting serum was removed and stored at -80° until analysis. Total cholesterol (TC), triglycérides, low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) were analyzed; very low-density lipoprotein cholesterol and TC:HDL-C ratio were calculated. The lipid panel was analyzed using the Cholestech LDX system analyzer (Cholestech, Hayward, CA), with a sensitivity of 0.8%. The intra-assay and interassay coefficients of variance are 2.03% and 4.10% for triglycérides, 3.60% and 5.23% for TC, 2.96% and 4.74% for HDL-C, 5.24% and 5.55% for LDL-C, and 1.58% and 4.46% for very low-density lipoprotein cholesterol, respectively. All assays were conducted at Johns Hopkins Bayview Campus in the General Clinical Research Center.^Ŝ
moking Status
Smoking status was classified as current, former, or never. Former smokers were those who had quit smoking before their assessment. Nonsmokers reported never smoking.
Statistical Analyses
Statistical analyses were completed using PASW Statistics (SPSS) version 17.0. Descriptive statistics were calculated including frequencies, means, SDs, and percents. %'^ test or Fisher's exact test was used to examine relationships between group assignment and categorical variables. Independent sample t test statistics were used to determine the differences between the groups at baseline on the primary outcome variables (APFT and PA) and secondary outcome variable (CHD risk). A repeated measures of analysis of variance was used to test for main effects of the intervention (FFL vs. TRAD) over time (baseline, 12-week, and 24-week follow-up) and for the intervention by time interaction. The Geisser-Greenhouse correction-^* was applied if the statistical assumption of compound symmetry was not met. We used expectation-maximization for imputation estimates of missing data in the group of protocol completers, with SPSS Missing Value Analysis 16.0." The missing data for individual variables ranged between 1% and 19%. Missing data were determined to be missing at random, meeting expectation-maximization assumptions.^" A 2-tailed p value of <0.05 was set for statistical significance.
Based on the predicted effect of the intervention with projected 40% attrition, we estimated a total sample size of 156 ARNG soldiers to demonstrate a 10% improvement in APFT scores (effect size, d -0.65) and PA (effect size d -0.56) at an a of 0.05 and a power of 0.80.
RESULTS
Study Attrition
From the total of 156 participants who enrolled in the study, 104 completed the 12-week evaluation and 94 completed baseline, 12-week, and 24-week evaluations. Of the 62 individuals lost to follow-up, 36 were in the FFL group and 26 in the TRAD group; this was not significant. The reasons for noncompletion were personal reasons (n = 22), quitting the ARNG (n = 21), deployment (n = 15), injury not related to the study (n = 3), and completion of ARNG training requirement of passing the APFT (n= 1 ).
Neither demographics, PA, APFT variables, nor CHD risk factors differed significantly between dropouts and 24-week completers, but dropouts had a lower baseline high-density lipoprotein (HDL) (t -2.6; p = 0.01) and a higher baseline TC:HDL ratio (t = -2.96; p = 0.01). Dropouts performed fewer sit-ups (t = -2.22; p -0.30) at baseline and had significantly lower baseline scores on the push-ups (t --1.99; p -0.05) and on the total APFT score (t = -2.01 ; p = 0.05).
Characterization of Completers
Among those 94 soldiers who completed the 12-and 24-week evaluations, there were no differences at baseline between the FFL (n = 48) and TRAD (n = 46) groups on demographic variables (Table I ). Baseline differences between the groups on PA, APFT, and CHD risk factors are shown in Table II . There were no significant differences in total PA, steps walked, APFT scores, 2-mile run time, push-up and sit-up repetitions, but there were differences in the levels of intensity of PA. Those in the TRAD group performed more moderate and very hard intensity PAs. HDL-C was slightly but significantly higher in the FFL group at baseline (Table II) ; all other CHD risk factors were comparable between the groups.
Adherence and APFT Pass Rate FFL group participants who attended the group meetings for a total of 67.5 minutes (50% of the total meeting time) or more were defined as adherers to the program. TRAD group members who attended their meetings for a total of 30 minutes (50% of the meeting time) or more were considered adherers. Only 6 (12.5%) participants in the FFL group and 5 (10.8%) participants in the TRAD group did not adhere to their program (x^ = 0.05, p -0.81). The percentage of soldiers who passed the 2-mile run at 3 and 6 months was 52% in the FFL and 45.7% in the TRAD (x^ = 0.39; p = 0.53).
Physical Activity
Intensity of PA For total PA, the main effect of group was significant (F( 1,92) = 4.42, p = 0.04); neither the time-group interaction nor the main effect of time was significant (Table III) . Both groups had a slight but nonsignificant increase in total PA during the intensive phase of the program and a decrease during maintenance. Moderate intensity PA showed a significant main effect of time (F(2,184) = 3.88, p = 0.02); the timegroup interaction and the main effect of group were not significant. Moderate intensity PA increased 70% in the FFL group from baseline to 12 weeks (t --1.99, p = 0.05) and decreased 35% from 12 to 24 weeks (/ = 1.61, p = 0.11 ); the TRAD decreased 10% (i = 0.48, p = 0.63) to 12 weeks and 46% from 12 to 24 weeks (t = 2.\\,p = 0.40). Hard intensity PA showed a significant time-group interaction (F(2,I84) = 5.79, p -0.01); the main effect of time and the main effect of group were not significant. The FFL group showed a decrease in hard intensity PA of 50% from baseline to 12 weeks (/ = 1.39, p = 0.17), whereas the TRAD group increased 154% (t = -1.9, p = 0.06). For very hard intensity PA, there was a significant main effect of group (F( 1,92) = 6.91, p = 0.01); the time-group interaction and main effect of time were not significant. Very hard intensity PA levels did not change significantly in either group throughout the 24 weeks. 
Average Daily Steps
For average number of steps walked per day, there was a significant time-group interaction (F( 
APFT Variables
APFT Raw Scores
The 2-mile run (in seconds) showed a significant time effect (F(1.84, 169.14) = 18.99,/? = 0.01); however, the main effect of group and the time-group interaction were not significant (Table IV) Values are mean ± SD. Statistics based on imputed data. Total PA is the sum of moderate, hard, and very hard intensity PA. *Significant within-group differences from ba.seline (j> < 0.05); *Significant within-group differences 12 weeks to 24 weeks (/; < 0.05). Values are mean ± SD. Statistics based on imputed data. *Significant within-group differences from baseline (p < 0.05); 'Significant within-group differences 12 weeks to 24 weeks (p < 0.05).
Variable
APFT Variables
Eor the push-up and sit-up repetitions, neither the time-group interaction, main effect of time, or main effect of group were significant. Thus, neither intervention improved the push-up and sit-up portion of the APET.
APFT Standardized Scores
Eor the total APET score, there was a significant main effect oftime(F(2, 184)= 15.0l,p = 0.01); however, the main effect of group and the time-group interaction were not significant. Both groups improved their total APET score from baseline to 12 weeks (EEL; t = -3.90, p = 0.01; TRAD: t = -4.29, p -0.01). Changes in the 2-mile run scores and push-up and sit-up scores, as well as their statistical significance, paralleled those of the raw values.
CHD Risk Factors
Eor HDL-C, there was a significant main effect of time (F(2,184) = 4.17,/7 = 0.02)andamaineffectofgroup(F(l,92) = 9.0, p = 0.01); the time-group interaction was not significant (Table V) . The TRAD group saw a 4.6% increase in HDL from baseline at 12 weeks (r = -2.27, p = 0.03) and 5.9% at 24 weeks (i =-2.71,/? = 0.01). Eor the TC:HDL ratio, there was a significant main effect of time (F(2,184 = 4.42), p = 0.01 ); the main effect of group and the time-group interaction were not significant. Erom baseline to 12 weeks, both the EEL and TRAD groups saw a reduction in their TC;HDL ratio (EEL: f = 1.70, p = 0.10; TRAD; t = 2.42, p -0.02). Erom 12 to 24 weeks, the EEL group saw a 2.4% increase in the TC:HDL ratio (f --2.06, p -0.05); the TRAD group saw a 13% decrease in TC:HDL ratio (t = 2.42, p = 0.02). For weight, there was a significant main effect of group; the main effect of time and the time-group interaction were not significant. For systolic BP, diastolic BP, BMI, TC, and LDL-C, neither the main effect of time, the main effect of group, or the time-group interaction were significant.
DISCUSSION
This is the first RCT, to our knowledge, to prospectively examine approaches to improve APFT in low-fit ARNG Soldiers. This study found that both the FFL and the TRAD programs improved the 2-mile run time and total APFT score of ARNG personnel modestly after a 12-week intervention. As a result, pass rates of 52% in FFL and 46% in the TRAD were observed in these soldiers who previously had failed to pass the APFT. Both groups, however, saw a reversion in these variables from 12-weeks to 24-week follow-up. This latter finding suggests that neither approach provided an adequate motivational arm for sustained benefits in ARNG members. APFT failure rates (10%) of the Army Reserve are 2 times that of active duty soldiers (5.5-6.2%).^' In the spring of 2000, the APFT failure rate of the Maryland ARNG was 11 % for women and 16% for men. The vast majority of failures on the APFT (97%) were due to failing the run component of the test; in the current study, all individuals had failed the run.
The tenets of using a pedometer to motivate individuals to accumulate steps throughout the day have been used in previous sedentary civilian populations. A meta-analysis of 26 studies (8 RCTs and 18 observational studies) evaluated the effectiveness of pedometer use on PA and health outcomes among adults in an outpatient setting.'" Pedometer usage was associated with increased steps of approximately 2,000 per day (RCT: 2,491 steps/day over control; observational studies: 2,183 steps/day over baseline) and reductions in BMI and BP. There were no improvements in serum lipids or glucose. Predictors of increased PA by meta-regression were step goals (p = 0.001 ) and programs located outside the workplace (p -0.02). Workplace programs were cited as attracting already active individuals. We targeted unfit individuals and saw increased daily steps walked in both pedometer-monitored and nonpedometer groups.
The FFL was designed for the reserve component (ARNG and Reserve) who works at their full-time civilian job and part-time as a citizen soldier in the military. Only one earlier military study retrospectively examined a program of monthly PT and command emphasis on APFT scores in an ARNG unit over a 6-month period.-"* Memorandums, counseling, and informal conversations emphasized the command's physical fitness policy and off-duty exercise. Command emphasis and PT during drill time were determined to be ineffective for improving APFT scores of ARNG soldiers.^"
We found that although neither group sustained their improved 2-mile run time/score or total APFT score at 24 weeks, neither group regressed back to baseline values. Project ACTIVE, a 24-month RCT of 235 sedentary health adults, compared a gym-based exercise program to a lifestyle intervention that used pedometers to motivate and track steps. Both interventions had significant 6-month, 1-, and 2-year maintenance of improvements in PA, CV risk profile, and physical fitness; however, project ACTIVE study had a vigorous follow-up period and the sample was older (mean age 46 years).""''' In this study of working adults with limited time for structured exercise, participants received only infrequent phone calls during the 12-week maintenance follow-up period, which could explain the difference in findings.
Some strengths of the current trial should be noted. Randomized intervention studies of military ARNG soldiers are rare, making the current findings relevant considering the current deployment rate of the reserve component. Furthermore, relatively few training studies have used pedometers as a motivational tool and objective measure of PA.
The limitations of this trial should also be recognized. Because this study included only ARNG soldiers drilling in Maryland and Washington, DC, our sample may not have been representative of the entire ARNG population. Further, ARNG soldiers who dropped out of the training program had lower baseline. APFT scores, suggesting that less fit individuals require more motivation to complete such a program. An additional limitation was the use of a self-report PA questionnaire to capture the levels of activity intensity (eg, moderate, hard, and very hard); self-reports are likely to overestimate performance compared to objective measures. Additionally, self-report methods may not account for activities less than W minutes in duration." Slight differences between pedometer step counts and self-reported PA may be related to the activity performed. The pedometer was removed during any water sports such as swimming.
Despite these limitations, the study demonstrates that a 12-week pedometer-driven behavioral intervention is as effective as the TRAD program for improving 2-mile run and total APFT score in ARNG soldiers who have failed the 2-mile run. The active duty military is currently so overextended that the National Guard and Reserve are supplying a substantial share of troops for operations in Iraq and Afghanistan. In these latter individuals, physical fitness and combat readiness are dependent to a large extent on civilian lifestyle patterns. Because a soldier's level of physical fitness has a direct impact on combat readiness, the current findings highlight the need to explore various motivational methods to achieve and maintain higher levels of PA in these individuals.
